Nearly 24 million Americans are estimated to have type 2 diabetes, and more than half of those affected are \>60 years of age ([@B1]). The prevalence of type 2 diabetes is expected to reach epidemic proportions by the year 2050 with a projected increase to 21--33% of the American population ([@B2]). Morbidity and mortality result from both microvascular and macrovascular complications, but the exact metabolic predictors of mortality are unknown. The Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial reported that tight glycemic control was associated with increased mortality ([@B3]), whereas tight lipid and blood pressure control had no association with mortality ([@B4],[@B5]). These unexpected findings demonstrate the need to explore novel predictors of mortality risk in people with type 2 diabetes. Medications used to treat type 2 diabetes may affect insulin sensitivity, but this parameter is rarely used as an outcome predictor.

There is growing interest in adiponectin, a 244-amino acid protein that is secreted by adipocytes with receptors in liver and skeletal muscle, which has insulin-sensitizing, anti-inflammatory, and antiatherogenic effects ([@B6],[@B7]). Adiponectin levels inversely correlate with adiposity, and higher adiponectin levels predict low risk of developing type 2 diabetes ([@B8]); thus, we might expect that higher adiponectin level would be associated with lower mortality, but the literature about the association between adiponectin and mortality is inconsistent. Although some authors describe no relationship between adiponectin and mortality ([@B9]), others describe an association of high adiponectin with increased mortality specifically in populations with prevalent coronary heart disease (CHD) ([@B10]), chronic kidney disease ([@B11]), chronic heart failure ([@B12]), healthy community dwellers ([@B13]), and in the elderly ([@B14]). To our knowledge, there are few data describing the relationship between adiponectin and all-cause mortality specifically in people with type 2 diabetes.

The objective of this study was to examine the association of adiponectin level with all-cause mortality in elderly people with type 2 diabetes. We hypothesized that higher adiponectin would be associated with lower all-cause mortality.

RESEARCH DESIGN AND METHODS {#s1}
===========================

Design {#s2}
------

This study is a cohort study of 609 elderly people with type 2 diabetes who were participants in the downstate sample of the Informatics in Diabetes Education and Telemedicine (IDEATel) Study. IDEATel was a randomized controlled trial with blinded outcome assessment. As described previously ([@B15],[@B16]), subjects were enrolled through primary care practices in New York City, with the enrollment hub at Columbia University Medical Center, and in Upstate New York, where the enrollment hub was at State University of New York (SUNY) Upstate Medical University at Syracuse. The institutional review boards at each participating institution approved the study protocol. All participants provided informed consent. An independent Data and Safety Monitoring Board monitored the study to ensure participant safety and adherence to the protocol.

Sample {#s3}
------

The original IDEATel sample consisted of 2,169 subjects residing in New York State, recruited and randomized between December 2000 and October 2005. Inclusion criteria were as follows: ≥55 years of age; current Medicare beneficiary; type 2 diabetes as defined by a physician's diagnosis and treatment with diet, an oral hypoglycemic agent, or insulin; residence in a federally designated medically underserved area; and fluency in either English or Spanish. Exclusion criteria were as follows: moderate or severe cognitive impairment; severe visual, mobility, or motor coordination impairment; severe comorbid condition; severe expressive or receptive communication impairment; lack of electrical outlet for telemedicine unit; and more than 3 months a year spent at a location different from the person's residence. Participants were recruited through their primary care provider practice and randomized to telemedicine case management or to usual care.

From the total 2,169 subjects in IDEATel, 949 subjects were recruited in the New York City sample. Of these 949 New York City subjects, adiponectin levels were measured on 608 subjects who were also participants in an IDEATel substudy of aging and cognition that began data collection in 2004; these 608 subjects comprise the analytic sample for this study ([Supplementary Fig. 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-2215/-/DC1)).

Adiponectin measurement {#s4}
-----------------------

Blood samples were obtained fasting and frozen at −70°C. Total adiponectin and high molecular weight (HMW) adiponectin were measured at enrollment into the IDEATel cognition substudy (2004--2006) on frozen serum samples using radioimmunoassay (Linco Research, St. Charles, MO). The standard detection curve range was 0.78 to 100 ng/mL. The intra-assay coefficient of variation (CV) is from 1.78 to 6.21%, and the interassay CV was from 6.90 to 9.25%.

Covariates {#s5}
----------

Subjects were instructed to come to baseline and five yearly follow-up examinations fasting and having held their glycemic control medications. Assessments included resting blood pressure, HbA~1c~, total cholesterol, triglycerides, high-density lipoprotein (HDL) cholesterol, ultra-sensitive C-reactive protein (CRP), urine microalbumin-to-creatinine ratio, and anthropometric measurements as described in detail in previous publications ([@B16]). Demographic data and self-report of comorbid conditions were collected at each visit. For each subject, the covariates included in our analyses were from the same study visit during which the adiponectin sample was obtained.

The two original IDEATel study arms, the telemedicine intervention, and usual care ([@B15],[@B17]) were also used as covariates. In the telemedicine intervention arm the target HbA~1c~ was ≤7%, except for participants with significantly reduced life expectancy and/or severe hypoglycemic unawareness, for whom that target was ≤8%. Blood pressure and LDL goals are described in detail in previous publications ([@B16]). Patients in the usual care group received clinical care from their primary care providers, without other guidance or direction from study personnel.

Outcome {#s6}
-------

Vital status was determined through queries of the Center for Medicare and Medicaid Services database, which contains data updated weekly by automated cross-referencing with the Social Security Administration database. We last queried the Center for Medicare and Medicaid Services vital status database for this cohort on 30 November 2009.

Statistical analyses {#s7}
--------------------

The distributions of continuous variables were examined, and appropriate log transformations were performed for variables that were not normally distributed (total and HMW adiponectin, CRP and albumin-to-creatinine ratio \[ACR\]). Pearson correlation coefficients were calculated for continuous variables. Student *t* tests for continuous variables and Pearson's χ^2^ for categorical variable were used to compare the associations between covariates (age, sex, race/ethnicity, BMI, HbA~1c~, systolic blood pressure (SBP), diastolic blood pressure (DBP), triglycerides, HDL, LDL, non-HDL cholesterol, ACR, CRP, history of myocardial infarction (MI), tobacco usage, medication usage, duration of diabetes, and randomization arm in IDEAtel study) with mortality. For categorical variables with ≥2 categories, pairwise comparisons were only examined if the overall χ^2^ was significant.

Because there is debate about its most active form and it is ∼15% higher in men, we chose to categorize adiponectin as follows: total adiponectin quartiles, female total adiponectin quartiles, male total adiponectin quartiles, HMW adiponectin quartiles, female HMW adiponectin quartiles, male HMW adiponectin quartiles, combined male and female quartiles of total adiponectin, and combined male and female quartiles of HMW adiponectin. ANOVA and χ^2^ were used to compare the distribution of covariates across adiponectin quartiles.

The association between adiponectin and mortality was investigated using multivariable Cox proportional hazards regression with time from adiponectin measurement to death as the outcome variable. The proportional hazards assumption was verified by modeling an interaction term of time to death by the main exposure. Adiponectin was examined as a log-transformed continuous variable and as quartiles described above. Four separate models were evaluated and only covariates that were significantly related to the outcome or to adiponectin were included. The first model was an unadjusted analysis; the second model was adjusted for demographics (age and race); the third model was adjusted for significant cardiovascular and diabetes parameters (SBP, LDL, triglycerides, HDL, non-HDL cholesterol, ACR, CRP, prior MI, and duration of diabetes); and the fourth model was adjusted for demographics, significant cardiovascular and diabetes parameters, and significant medications (insulin, metformin, and thiazolidinediones \[TZDs\]). A test for trend across the adiponectin quartiles was performed for each model using the *P* value for the adiponectin quartile variable in a model with the covariates but without the adiponectin quartile indicator variables. Forty subjects were missing CRP values, and sensitivity analyses excluding CRP demonstrated similar results; thus data are presented with CRP included as a covariate.

We examined effect modification by sex, TZD use, and history of previous MI in stratified analyses by these variables and by examining interactions terms of these variables with the adiponectin quartile variable. A sensitivity analysis was conducted excluding those subjects who died within 1 year of adiponectin measurement to rule out the effect of subclinical disease processes.

Finally, a secondary analysis was conducted to consider change in weight before adiponectin sampling. We were unable to calculate a change in weight for those subjects whose adiponectin was drawn at the first study visit, and the resulting sample size was *n* = 446. Change in weight was operationalized with indicator variables comparing both those who lost more than 10% and those who gained more than 10% of their body weight to those with no change in weight. Cox regression was performed with change in weight variables added to the fully adjusted model described previously.

All tests for significance were two sided, with *P* \< 0.05 considered statistically significant. All statistical analyses were conducted using SAS software, version 9.2 for Windows (copyright 2002--2008; SAS Institute, Cary, NC).

RESULTS {#s8}
=======

Characteristics of the study participants are shown in [Table 1](#T1){ref-type="table"}. Among the study participants, the average age was 72 ± 6.3 years, most were female, and the overwhelming majority was Hispanic or African American. The average HbA~1c~ was 7.4%, and other diabetes control parameters were reasonably well controlled. As expected, total adiponectin was higher in women compared with men (13263.9 ± 11,265.0 vs. 9,110.4 ± 7,418.7 ng/mL; *P* \< 0.001). The same was true for HMW adiponectin. Compared with the excluded downstate sample, our analytic sample was slightly younger, had more Hispanic but fewer Black non-Hispanic participants, had less education, and had lower mortality ([Supplementary Table 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-2215/-/DC1)).

###### 

Characteristics of total sample, those alive at ascertainment, and those who died before ascertainment (30 November 2009)

![](1858tbl1)

Total and HMW adiponectin were highly correlated (*r* = 0.88663, *P* \< 0.001). Positive correlations were also present between adiponectin and HDL, LDL, total cholesterol, and ACR, whereas negative correlations were seen for CRP, triglycerides, DBP, and HbA~1c~ ([Supplementary Table 2](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-2215/-/DC1)).

Those participants who died (*n* = 92) were older; had higher SBP, LDL, triglycerides, and ACR; were more likely to have had an MI; were more likely to use insulin and less likely to use metformin; and had higher total and HMW adiponectin, compared with those participants that did not die (*n* = 516) ([Table 1](#T1){ref-type="table"}). When compared with participants in the first quartile (with the lowest adiponectin), those in the fourth quartile (with the highest adiponectin) had higher HDL and ACR, and lower triglycerides and CRP. Subjects in the fourth quartile were also more likely to be prescribed a TZD and to have had type 2 diabetes for \>15 years ([Table 2](#T2){ref-type="table"}). Sensitivity analyses were performed with adiponectin quartiles as described in [[research design and methods]{.smallcaps}](#s1){ref-type="sec"}, and the results were similar for each analysis ([Supplementary Tables 3--5](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-2215/-/DC1)).

###### 

Comparison of characteristics across combined sex-specific quartiles of total adiponectin

![](1858tbl2)

Participants were followed for a median of 5.0 years (IQR 5.7--5.3 years), and the Cox proportional hazards assumption was satisfied (*P* = 0.06). Cox regression analysis using adiponectin as a log-transformed continuous variable demonstrated a positive association between adiponectin and all-cause mortality (unadjusted hazard ratio \[HR\] = 1.5 \[95% CI: 1.2--2.0\], *P* = 0.003 and fully adjusted HR = 1.8 \[1.2--2.6\], *P* = 0.004) ([Supplementary Table 6](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-2215/-/DC1)). Because the relationship between adiponectin and mortality was not linear (*P* = 0.05 for adiponectin squared term) and to remain consistent with the literature, we present results of Cox hazards regression analysis with quartiles of adiponectin, specifically combined sex quartiles of total adiponectin; however, the results for other operationalizations of adiponectin quartiles are similar and available in [Supplementary Tables 7--9](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-2215/-/DC1). Compared with those with the lowest adiponectin, those with the highest adiponectin had an increased hazard of death (crude HR = 2.6 \[1.4--4.9\], *P* for trend \<0.001) ([Table 3](#T3){ref-type="table"}). Adjusting for demographic factors, medication use, and diabetes and cardiovascular control parameters actually strengthens this association (fully adjusted HR = 4.0 \[1.8--9.0\], *P* for trend \<0.001). The association between adiponectin level and mortality did not differ by age as evidenced by a nonsignificant interaction term (*P* = 0.80). There was also no effect modification by history of prior MI (*P* for interaction term = 0.41).

###### 

Relation of combined sex-specific quartiles of total adiponectin with mortality

![](1858tbl3)

Administration of TZDs is known to be associated with increased adiponectin levels ([@B18]), and in our sample there was higher TZD use among subjects in the fourth quartile of adiponectin, raising concern that TZD use might be a confounder. However, TZD use was not associated with increased mortality (crude HR = 0.8 \[95% CI: 0.5--1.3\]; adjusted HR = 1.0 \[0.6--1.7\]); thus TZD use is unlikely to confound our results. We also adjusted for hypertension medication class (β-blocker, calcium channel blocker, diuretic, angiotensin-converting enzyme inhibitor, and angiotensin receptor blocker), and the results were essentially the same. Similarly, there was concern that age might confound the association between adiponectin and mortality since increasing age was associated with increased mortality (crude HR = 1.05 \[1.0--1.1\]; adjusted HR = 1.05 \[1.0--1.1\]). However, age did not differ across the quartiles of adiponectin (*P* = 0.31) and thus is unlikely to be a confounder. Further evidence that TZD use and age are unlikely to act as confounders is the association between higher adiponectin levels and increased hazard of death consistent when stratified by TZD use or age.

Sex was a potential confounder of our results since female sex was associated with higher levels of adiponectin (*P* \< 0.001) and associated with a decreased hazard of death in crude and adjusted analyses (crude HR = 0.7 \[95% CI: 0.4--1.0\]; adjusted HR = 0.5 \[0.3--0.9\]). However, stratification by sex did not change our findings.

Because adiponectin increases with weight loss and weight loss is associated with increased mortality in the elderly population, if weight loss occurred in our sample, it could potentially bias our results, creating a stronger association between adiponectin and mortality. In a secondary analysis of *n* = 446 subjects, ∼10% of the subjects lost weight (*n* = 41), 10% gained weight (*n* = 46), and 80% (*n* = 359) did not have a change in their weight. The association between adiponectin and mortality in this smaller sample was similar to the larger analytic sample: subjects in the fourth adiponectin quartile had an increased hazard of death compared with those in the first quartile (fully adjusted HR = 3.4 \[95% CI: 1.4--8.3\]). When change in weight was added to the fully adjusted model, the relationship between higher adiponectin and increased mortality was not attenuated (HR = 3.6 \[1.4--9.0\]) ([Supplementary Table 10](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-2215/-/DC1)).

Finally, a sensitivity analysis was performed excluding those subjects who died within 1 year of adiponectin sampling to minimize potential confounding by terminal illness that could cause weight loss and increases in adiponectin. Similar to the previous analyses, those with the highest adiponectin had an increased hazard of death compared with those with the lowest adiponectin (adjusted HR = 4.1 \[95% CI: 1.8--9.6\]).

CONCLUSIONS {#s9}
===========

Higher total and HMW adiponectin were associated with increased all-cause mortality in a cohort of elderly, predominantly minority people with type 2 diabetes. This association was not diminished after adjusting for demographic factors, BMI, diabetes control parameters, cardiovascular risk factors, medication usage, and weight loss. Our findings are consistent with most ([@B10]--[@B14]) but not all ([@B9]) of the current literature about the relationship between adiponectin and all-cause mortality in nondiabetic populations.

Adipose tissue is increasingly understood to be an important endocrine organ, secreting adipokines that are important to energy homeostasis. Adiponectin is the most abundant adipokine and has important influences on insulin sensitivity, via the 5′-AMP--activated protein kinase pathway, resulting in improved glucose utilization and fatty acid oxidation and inhibition of serine kinases that antagonize insulin signaling ([@B19],[@B20]). Recent evidence also suggests that adiponectin may also mediate insulin sensitivity through a sphingolipid pathway ([@B21]). Adiponectin also has antiatherogenic and anti-inflammatory functions via inhibition of the nuclear factor-κB pathway, which results in lower CRP, lower interleukin-8, and downregulation of vascular adhesion molecule expression on endothelial cells ([@B22]). Finally, there is evidence to suggest that adiponectin may have a clean-up function through promotion of clearance by macrophages of early apoptotic cells ([@B22]). Because of these protective effects against insulin resistance and possibly against atherosclerosis, we hypothesized that higher adiponectin levels would be associated with reduced mortality. Our findings are to the contrary.

Adiponectin exists in plasma in low molecular weight trimers, medium molecular weight hexamers, and HMW multimers, and some authors have suggested that HMW adiponectin, rather than total adiponectin, is the active form ([@B23]). Some studies have demonstrated that HMW adiponectin or the ratio of HMW adiponectin to total adiponectin correlates most closely with insulin sensitivity, metabolic abnormalities, and risk of developing type 2 diabetes ([@B24],[@B25]), whereas more recent data have provided evidence that total adiponectin, HMW adiponectin, and the HMW-to-total adiponectin ratio all had similar utility for the identification of insulin sensitivity and diabetes risk ([@B26],[@B27]). We found similar results for total and HMW adiponectin and chose to present results for total adiponectin.

It is well established that adiponectin levels inversely correlated with adiposity and higher adiponectin levels predict a lower risk of developing diabetes ([@B8]). Observational studies have demonstrated that adiponectin is inversely correlated with total cholesterol, LDL, triglycerides, and blood pressure, and it is positively associated with HDL ([@B28],[@B29]). We confirm these findings in people with type 2 diabetes by demonstrating that high levels of adiponectin were associated with a more favorable CV risk and lipid profile. In line with these observations, Pischon et al. ([@B30]) demonstrated in the Health Professionals Follow-up Study that high adiponectin levels were associated with lower risk of MI in men, but subsequent studies have not agreed. Some authors have shown a lack of association between adiponectin level and prevalent or incident CHD in the general population ([@B28]), in patients with pre-existing CHD ([@B28]), and in subjects with type 2 diabetes ([@B31]). Perhaps surprisingly based on the unclear association of adiponectin and CHD, several studies have consistently demonstrated that high adiponectin levels are associated with increased risk of CHD and all-cause mortality in subjects with prevalent CHD ([@B10]), chronic kidney disease ([@B11]), chronic heart failure ([@B12]), healthy community dwellers ([@B13]), and in the elderly ([@B14]), whereas some authors have shown no association ([@B9]).

To our knowledge, there are few data investigating the role of adiponectin specifically in people with type 2 diabetes. In a subset of 745 diabetic men in the Health Professionals Follow-up Study, the authors found an inverse relationship between adiponectin and incident CHD in a multivariable model adjusting for age, physical activity, family history of MI, hypertension, high cholesterol, aspirin use, tobacco use, fasting status, and duration of diabetes, but this association was attenuated after adjusting for HDL levels ([@B32]). In another study, Krzyzanowska et al. ([@B31]) found no significant correlation between adiponectin and any clinical parameters (age, BMI, blood pressure, diabetes duration, glomerular filtration rate, albuminuria, triglycerides, LDL, HDL, or CRP) in a cross-sectional analysis of 147 subjects with type 2 diabetes. In a longitudinal analysis of the same subjects, the authors found no association between adiponectin and a composite end point of MI, stroke, and all-cause mortality, which may be explained by the relatively small sample size (*n* = 147) and short duration of follow-up (median of 19.3 months). In contrast with the previous literature, our current study with more participants and longer follow-up demonstrates that there is in fact a strong association between adiponectin and all-cause mortality in a cohort of patients with type 2 diabetes even after adjusting for demographics, clinical parameters, and potential confounders.

We hypothesized that higher adiponectin would be associated with lower all-cause mortality because it is associated with more favorable cardiovascular and metabolic risk profiles and decreased risk of developing diabetes. On the contrary, our results, and the results of other investigators, demonstrate that higher levels of adiponectin predict an increased risk of all-cause mortality while related to an apparently better metabolic and cardiovascular risk profile. Potential explanations for this paradox that have been suggested include reverse causality ([@B33]) or adiponectin resistance ([@B34]). In addition, it is possible that there might be a separate phenotype of those people who develop diabetes despite a high adiponectin who have increased mortality as a result of a particularly severe derangement in insulin action. Those excluded from our analytic sample because they did not have adiponectin measured were more likely to have died. Thus, survival bias should be considered a potential explanation for our findings. In addition, our results are only generalizable to elderly survivors with diabetes.

We acknowledge that there are several limitations to our study. We have no direct measure of renal function, and high levels of adiponectin in people with chronic kidney disease is associated with increased mortality ([@B11]). We did not have data on cause-specific mortality, and all-cause mortality is heterogeneous in underlying pathology. Being able to analyze relationships of adiponectin specifically with cardiovascular mortality may have helped us to understand the mechanisms at play. We lacked measures of central adiposity such as waist-to-hip ratio; in our sample adiponectin was not related to BMI, and a measure of central adiposity may have been better correlated with adiponectin. We only have one measurement of adiponectin and are thus unable to make any comments on change in adiponectin level and mortality. Finally, there were more deaths in the sample missing adiponectin measurements, which could be a source of bias. It is possible that the association we report is restricted to survivors and that an inverse association could be found in participants missing data. However, it is important to point out that our results are consistent with some other reports that include people with and without diabetes.

In conclusion, our study finds that higher adiponectin is associated with increased mortality in a cohort of elderly people with type 2 diabetes. Further studies should confirm this association and should specifically investigate cause-specific mortality.
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